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Small at

Tevatron

Single top quark

( 9 q b W

t

s-channel production t-channel production Associated Wt production

® Motivation:

Direct measurement of CKM matrix element |V | (04~ | V|2
Sensitive to New Physics (FCNC, W’...) and CP violation

Additional channel for top quark properties study
® Experimental challenge:

Extract small signal out of a large background with large uncertainty

\e Zhenbin Wu, Baylor University 3/16/2012
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Observation by CDF and DO

e T.Aaltonen, etal. [CDF collaboration], Testran Bemisimation

Phys. Rev. Lett. 103,092002 (2009) RS

1
. Il B.W. Harris et al., PRD 66, 054024 (2002)
e V.M. Abazov etal. [DO Collaboration], i, il BRI, NG (B0
1

Phys. Rev. Lett. 103,092001 (2009) (I) . é ‘11 . é . é

2.76 *0:32 pb

® Observed by CDF and DO Single Top Quark Cross Section August 2009
simultaneously in 2009 CDF Loptonsjets 321 | e aAT 230 s
® Over 100 citations for both CDF MET+jets 2.1 fb° : 50 2% pb
observation PRLs DG Lepton-jets 2.3 fb” 3.94 088

Myop = 170 GeV

%‘ 3:_ Tevatron Preliminary, August 2009 ¢ (pp — th+X, tqgb+X) [pb]
22-5;‘ IVl =0.88:£0.07 e (Combination of CDF and DO:
2 | es%cC.L limit:0.77
§ r ® CDF: Four multivariate analysisin Leptontjets channel
155 with 3.2fb! data.
1— e CDF: MET+]ets channel with 2.1fb-! data
o.si— e DO: Three multivariate analysis in Leptontjets channel
with 2.3fb! data.

v, [
tb

Q Zhenbin Wu, Baylor University [CDF and DO Collaboration], arXiv:0908.2171v1 3/16/2012

/




Event signature of Lepton+Jets

® Main analysis channel: LeptontJets
® Only one isolated lepton

proton

° Large missing Et from neutrino

® At least 2 jets

antiproton

® At least one of the jets is b—tagged

* Background rejection: t-channel
® CDF: Veto QCD, Dilepton, Z and Cosmic s-channel
W+jets

® DO: Cut on scalar sum (Hy and Hy(alljets)) to suppress

QCD and soft-scattering processes zﬂet, dibosons
e Still large backgrounds share similar final state after the Multijets

background rejection.

@ Zhenbin Wu, Baylor University 3/16/2012
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Background Modeling

* ttbar, diboson and Z+jets are normalized to SM cross section

* QCD models derived from data with non-isolated lepton (DO) or anti-lepton

(CDF)

® Wjets are modeled by Alpgen (Wjj, Wbb, Wcc, Wcj)
* Wjets and QCD are normalized to data before b-tagging in missing E (CDF)

or several variables (DO)

CEMW + 2 Jets, Pretag
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T. Aaltonen, et al. [CDF collaboration],

PRDS2 112005 (2009)
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Lepton+Jets analysis with

5.4fb1 data from DO

Neuroevolution of
Boosted decision trees Bayesian neural network
augmented
topologies
=,
§ @
A

Signal modeled by SINGLETOP
Use three multivariate (MVA)
methods to extract signal

Six analysis channels:

2,3 or 4 jets with 1 or 2 b-tags
Each MVA method trained 0.6 0464 05 08 07 60"

Discriminant Output

separately for s- and t-channel.

\‘ Zhenbin Wu, Baylor University

* About 70% correlation

* Combined three MVAs
with a final BNN

* (Combined s-and t-
channel discriminant
with SM predicted

relativeratio
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Cross Section Measurement w

£0.6 (c) D@, 5.4 b

5 05_ Gexpected h
-S 0.4- A = 3.49:‘;’_:;7 pb approac
2 : i Gobserved

< 0.3- o Y

202" \ 3.437777pb

g0t |/

b1 23456 7 8
tb+tgb cross section [pb]

® Since Oy, X | V| 2 directly measure
| V| from O, posterior with more

systematic uncertainties considered

° Assuming
® |Vl TV |" K[V |?
® PureV-A and CP conserving Wtb vertex

Posterior density

® (Cross section measured using Bayesian

® Itis given by the position of the
posterior density peak, with 68%

interval as uncertainty.

2
1

5z(b) DQ, 5.4 fb™’
4
o

V.| >0.79
@ 95% C.L.

% 0204 06 08 1

v

tb

Zhenbin Wu, Baylor University V.M. Abazov et al. [DO Collaboration], arXiv:1108.3091 3/16/2012
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Separate channel measurement w

/

s-channel

21.2" (a) D@, 5.4 fb ™
0 r

ch 1:— | Gexpected

'E 0.8- = 1.12fgf:pb
o} § cobserved

= 0.6

o = 0.68 5, pb
§ 04 0.35

o 0.2

N

°*0.=0

yet

b 051152253354

tb cross section [pb]

687055 55 pb

® No evidence for s-channel

V.M. Abazov et al. [DO Collaboration], PRD 84, 112001 (2011)
V.M. Abazov et al. [DO Collaboration], PLB 705, 313 (2011)

@ Zhenbin Wu, Baylor University
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t-channel

2 0.7- (b) D@, 5.4 fb ™
g 06;_ )f/ \“ , Gexpected

© 0.5¢ / = 2.43%)5/ pb
§ 04;_ f Gobserved

5 0.3 | = 2.86 7% pb
7 0.2

o 0.1

°* 0,=2.86™% . pb

e Model independent search
e 5.5 SD first obsveration!

3/16/2012 J
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Lepton+Jets analysis with

7.5fb1 data from CDF

CDF Il Preliminary 7.5 fb™

* First update since 3.2fb! analysis _
from CDF 2_ u triggers
B O CMUP
* Performed in Leptont]ets events 1T Howx
B EMC triggers
with 7.5fb"" data collected by <ok Qemy *
CDF Run Il using Neural Network | mcuy
d. .. -1 EscMmIO
1scriminant : .ISOK
-2F
* Add new lepton category: [SOTRK :
o ngh quality, hlgh PT isolated track -3k 2. _0_5 ' 0- 2

M

e ~159% gain in single top acceptance

@ Zhenbin Wu, Baylor University 3/16/2012 /




Signal Modeling

Parton Level Study

* Previously used MadEvent for 2 tchannel POWHEG + Pythia

single top modeling gle

t-channel MadEvent + Pythia

° Manually mix two processes of t-channel t-channel MCFM 4 flavors

0.04
according to ZTOP prediction

* Using POWHEG for single top 0.02
modeling with NLO accuracy

||||'|||||||'||

W
150 200

. ,
q ¢ 1 T pEPeettort [Gev/c]
_ [
W l , @ t-channel shows good agreement with
” b MCEFM 4 flavor prediction for both
t
g POWHEG and MadEvent
b 2->2 process b 2->3 process
P P ® Add Wt-channel as signal through
t-channel production POWHEG
@ Zhenbin W, Baylor University arXiv:0907.4076v2; arXiv:1004.1181v4 3 16/201 j




Neural Network

® Train the NN with 11~14 variables in four channels (2, 3 jets with 1, 2
b-tags)

® Train for s-channel in 2 jet 2 b-tags, train for t-channel in the rest

channels

® Train the NN with systematic mixed samples for better uncertainty

constraint (~3% improvement expected)

0 1 5 W + Jets, > 1 b-Tag CDF Il Preliminary 7.5 b’
g * — Single Top .ﬂ
3] (]
) W+HF = 80)
LL — W4LF wl 4 60l
t 01 —Z+Jets EZ+dets
g — Diboson # [lDiboson
vt} QcD EQcbD 20
o 0
ﬂ 0.8 0.85 0.9 0.95 1
5 0.05[
£ =
B ——
[=] T -
= ==

19

15 "0 05 1 1 05 0 0.5 1
NN Discriminant NN Discriminant
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Cross Section and V,,

W+Jets, NN Discriminant CDF Il Preliminary 7.5 b

* Assuming m,,, = 172.5 Gev/c?

_ 0.57
Gyy = 3.04 55 pb

assumingm,,~25sv|  ® Measured cross section:

Ogyp = 3.0410-7 o3 pb

W-Jets, NN Discriminant_CDF Il Preliminary 7.5 fb™

0.01

0.005

Posterior Probability Density
o
2

IV, |>0.78 (95% C.L)

o

o

o

3]
1

% 2 4 N
Single Top Quark Cross Section o, [pb]

® From the cross section posterior

® Setlimit: |V, | > 0.78 at 95% CL

Posterior Probability Density
g
&
|

-.l -] I Ll 11 I L1l I | T ' I Lol 1
%.3 04 05 06 07 08 09 1
v,

Extracted |Vy | =0.92 7010 ) (stat.+sys.) £ 0.05(theory)

@ Zhenbin Wu, Baylor University 3/16/2012 /
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— 5W+JE‘lS, NN Discriminant CDF Il Preliminary 7.5 fb™ :§_ Dg 5'4 fb 7
= f — ® CDF Data ) 68% C.L.
.g.- [ SM prediction: B 65.3% CL S - 900/: o
S 4f arXiv:0909.0037v1 95.5% CL © B 95% C.L.
s 99.7% CL ?
4] Il SM(NNNLO) a
w 3 3
S | G
O o 2
e 1 new c
= - g i O Mea:ﬁurement
S Uy f-_f [1] PRD 74: 114012, 2006 B su 2
-~ [ - [2] EPJ C49: 791, 2007 ¢ Four generations
S | BEDETSEIN O roptavor”
% 1 2 3 4 5 ., OFene
s-channel Cross Section [pDb] 00 2 4
e Measured cross section: s-channel cross section [pb]
e 0,=1.81%063 .. pb (*~33%) ® Measured cross section:
® 0= 1.4‘9+0'47_0_4_2 pb L4 GS — 0.98 + 0.63 pb
* SM Prediction: e 6,=2.90+0.59pb (+20%)
SM —
* 0, =1.05%0.07 pb ® SM Prediction:
SM —
e 0°M=2102x0.19 pb
t P e 0 SM=1.04+0.04pb
e 0, M =0.22 £ 0.08 pb (Effect . oM 29640120k
negligible) 0" = 22bzU.1ap
Zhenbin Wu, Baylor University 3/16/2012
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Anomalous Wtb coupling

® In the SM, the Wtb vertex is purely left-handed vector coupling

* 0.~ |Wtb coupling | * assuming single top is produced only via W boson

exchange.
* Trained BNN for three coupling scenarios §1500' @ ; Eﬂgﬁ;g;xs)
: s 2 Ly {p:tab ()
* Compute 2D posterior probability as a 5000l = Wﬂets
L
. — 3 e -
function of |V, - f, |?and |V, - i |? (=L Ry, Ry) 2 o = Multijets
| .
® Set upper limit with SM constraint, |V, - f | =1

02 04 06 08 1
BNN L, discriminant

o

0 3 0.5; A
:i (@) . 23 5.41b 2 e . ga 5.41b :
>~ 0.4 [J68%C.L. S20.45 [J68%C.L. Scenario Cross section Coupling
- r B 90% C.L. . * B 90% C.L.
3 [ 95% C.L. 3 [ 95% C.L.
0.3 0.3 5 ‘
i i (Lv,Lr) < 1.21 pb WVip - frp.|” < 0.13
0.2f (Lv.Rv) < 2.81 pb Vo - fry |© < 0.93
0.1, (Lv,Rr) < 0.60 pb Vib - fry[? < 0.06
15 2 % :0.5 ! 15 2
IV, f | IV, f |

@ Zhenbin Wu, Baylor University
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Summary

e We presented the most recent single top analysis and
anomalous Wtb coupling search at Tevatron

e We are planning for a new combination of CDF and DO single top

results

e With the observation of t-channel, the search of s-channel is a new

challenge and long standing Tevatron legacy.
® It is still a treasury for interesting physics, like CP violation

° Looking forward to single top analysis with full Tevatron dataset

CDF Single Top page:

DO Single Top page:

Zhenbin Wu, Baylor University 3/16/2012
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http://www-cdf.fnal.gov/physics/new/top/public_singletop.html
http://www-cdf.fnal.gov/physics/new/top/public_singletop.html
http://www-cdf.fnal.gov/physics/new/top/public_singletop.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html

Back up

@ Zhenbin Wu, Baylor University
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t-channel observation
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@ Zhenbin Wu, Baylor University

* Expected significance: 4.6 SD
e Measured significance: 5.5SD

In sample with S:B> 0.32 from final discriminant

N
o
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3.5

25

t-Channel Cross Section c, [pb]

1.5
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4.5

0 :Il\\

Previous 2D measurements

CDF Run Il Preliminary, L=3.2 fb™
e BestFit
68.3% CL
95.5% CL E
99.7% CL
SM (NLO) !
SM (NNNLO)
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T. Aaltonen et al. [CDF Collaboration], arXiv:1004.1181v2
V.M. Abazov et al. [DO Collaboration], PLB 682, 363 (2010)
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0.15

0.1

0.05

Normalized Event Fraction

NN input variables

W + 2 Jets, 1 b-Tag

CDF Il Preliminary 7.5 fb™
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Single top

P rosoasses W+ 2jets, | tag | W + djets 1tag | W + 2 Jets, 2 tag | W + 3 jeis, 2 tag
ft AT4 £ 49 LGT = 10Fb [EENE P
WA 148 £ 21 BET 1.1 £ 0% 1.2+ 0%
W& MEd 142 R 1.3 24£04
e 1L.T£1.2 0T =il 3 = i il = iy
E+dats 118 £ 15 6 £6 180T 2T£04
Whis 1452 = 437 13 = 13 183 £ hG 65 £ 20
Wioe THG = 233 2 £ TT 1+ 3 + 2 EXPGCted
W] i i) 128 £ 3% TA&+ 24 15+ 1.1
W+ Mistags 14540 = 148 433 = 47 TA= 15 A1 Events
Mo =W 3G £ 126 141 = 57 68 = 35 b
t-¢lsaniel 198 £ 25 s £ 11 [E=] 1+ 24
Eelunne] 128 = 11 13 =4 32 x4 12 = 1.
Wi-clael 16 £ 4 HET 0T+ 02 2306
Total Prediction STOT = 877 2719 = 293 T £ 66 Ak £ 53
CHse rved s 2432 15 A5

Sources of

systematics

Souree of Uneertaiuty Rate Shape FProcesses affected
Lt oy sraln | (8% X all
Initial and final state radiation 65 X single top, £
Parton distribution funetions -1 X mingle tap, £
Acoeptance awd efficiency seale 1-TH slugle top, i1, diboson, &/ +ets
L esity iy slugle top, 11, diboson, Z/5°+jets
Jat flavor separator X all
Mistag mesdel X W+light
Non=H" mode] X I o B°
Factorization amd e mnal zatio X Hohk
Jdet 1 and AR distribution X W+light
Iom=81" yormalization AiA N one §°
W00 awd Woed tsonm N Woh, Wes
W e mormalization A We
1\th|..|'|.;|{ o ization L W+ liglt
fay tt
Wlomte Carlo generator 3T mlngle top, &
Hinghe top mormalization T mlngh top
Top mass 120 X slngle top, £

+ X lmlicates the ssurces of uwscertainty from shape variation
# Sourees leted below double Hise ave wsed only in |Vie| measurement
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